A comparative study has been carried out to understand the concentration dependence of thermodynamic properties such as, free energy of mixing (ΔG M ), heat of mixing (ΔH M ), entropy of mixing (ΔS M ), activity ©RCOST: All rights reserved.
Introduction
Preliminary ideas about the mixing of metals in a binary alloy can be deduced from Hume-Rothery rules for metallic solution which describe condition for forming substitutional and interstitial solutions.
Experience shows that the Hume-Rothery factors, such as the valence difference, electro-negativity difference and atomic size mismatch are not sufficient to provide detail information for understanding the alloying of metals in the liquid phase, and for this reason, properties of mixing are considered. The properties of mixing in a liquid alloy at a given temperature and pressure are ascribed to the role of some sort of short range microscopic interactions which are assumed to exist in a micro-inhomogeneous atomic distribution giving rise to the equilibrium properties of the alloy. The accurate determination of the interaction energy terms in liquid alloy is usually a difficult task as compared to those in ordered systems like crystals. Thus there always remains an opportunity for the prediction of the true character of atomic interaction in a liquid alloy so that the observed properties of mixing could be explained adequately.
The mixing behaviour of binary liquid alloys is described as ordering or segregating depending on the nature of arrangement of atoms of the constituent metals in the alloys. Alloys of ordering nature are characterized by the pairing of unlike atoms leading to the formation of chemical complexes. Segregating alloys, on the other hand, have pairing of like atoms at equivalent sites. It is known that many binary liquid alloys exhibit non-regular solution behaviour. The alloys of a versatile metal indium, such as In-Pb (673 K), In-Tl (723 K) and In-Zn (700K) in particular are interesting in that the observed thermodynamic properties of mixing like free energy of mixing and entropy of mixing are asymmetrical to some extent about the equiatomic composition [1] . The positive sign of observed heat of mixing for these alloys and the concentration fluctuation in long wavelength limit (S CC (0)) of the alloys calculated from the observed activity data indicate that the alloys show positive deviations from the additive rule of mixing. Since long, many studies have been carried out to understand the alloying behaviour of various liquid alloys in different concerns [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Of the models the self-association model [4, 8, 12] is considered appropriate for the study of the equilibrium thermodynamic and structural properties of binary liquid alloys endowed with segregating nature. This model is the approximation over the compound formation model when no chemical complex is assumed to exist in the binary alloy melt [2, 14] .
Over times, various studies have been carried out for the study of the mixing properties of In-Pb, In-Tl and In-Zn alloys in different concerns [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . In this paper we aim to review alloying behaviour in the 
Theoretical basis
The self-association model is a simple scheme for demixing binary liquid alloys [8, 12] . It assumes pairing of like atoms at equivalent sites that have short-ranged interaction between nearest neighbours. 
Thermodynamic properties
In the self-association model, the free energy of mixing, ΔG M for binary liquid alloys at temperature T can be obtained using the following expression [12] :
where, R is universal gas constant, c is concentration of A-atoms in the alloy and W is order energy parameter. The auxiliary functions  and  are defined as
) is called the ratio of self-associates. At a given temperature  and W are the model parameters of self-association model which are estimated for a liquid alloy by fitting them into experimental thermodynamic data of the alloy to estimate the thermodynamic and structural properties of a binary liquid alloy.
In order to obtain the expression for the activity, a i of constituent element in a binary liquid alloy the following standard thermodynamic relation, which relates activity, a i to the free energy of mixing, G M is used:
From Eqs. (1) and (2), we get
The entropy of mixing, ΔS M for binary alloys can be obtained using the thermodynamic relation
By the differentiation of the expression for ΔG M in Eqn. (1) is obtained as
The heat of mixing, ΔH M can be calculated from the knowledge of the free energy of mixing and the entropy of mixing, using the standard thermodynamic relation
Microscopic properties
The microscopic functions such as concentration fluctuation in long wavelength limit, S CC (0) and WarrenCowley short-range order parameter, 1 α are useful properties to obtain valuable information about structure of binary liquid alloys [2, 8] . S cc (0) indicates the nature of local arrangement of atoms and 1 α represents the degree of atomic ordering in the melt.
The standard relation for concentration fluctuation in long wavelength limit (S CC (0)) for binary liquid alloys is given as
The analytical expression for concentration fluctuation in long wavelength limit, S CC (0) in self-association model is obtained from Eq. (8) by taking the second composition derivative of the expression for ΔG M , from Eqs. (1) and it can be put in the following form [12] :
The value of S cc (0) can also be obtained by taking the first composition derivative of the activity as given below [8] :
In the literature, the S cc (0) determined by using the measured activity data in Eq. (11) is usually referred to as an experimental S cc (0) [8] .
In order to ascertain the degree of local ordering of atoms in the alloy, Warren-Cowley short range order parameter, 1 α can be estimated from the knowledge of the interchange energy parameter, W. For this parameter, the following expression is available [2, 8] :
Here z represents the co-ordination number. In terms of the function  , the concentration fluctuation in long wavelength, S cc (0) can be expressed as [2, 8] :
From Eqs. (12) and (14), the short range order parameter, 1  can be expressed in the following form: The calculated values of ΔG M of the alloys are compared with the corresponding experimental values [1] by plotting them against the concentration of In-component in Fig.1 The inter-atomic interactions in a binary liquid alloy can also be described in terms of the enthalpic and entropic effects. The entropy of mixing which is a measure of disorderness in the local arrangement of atoms in the system indeed represents the sharing of energy between the atoms in the neighbourhood. The concentration dependence of the entropy of mixing, ΔS M of the three alloys has been computed from Eq.
Results and Discussion

Thermodynamic Properties
(6) by estimating the temperature dependence of the energy parameter. The theoretical results for the alloys are compared in Fig. (3) , along with the parallel experimental results [1] . Using the calculated values of the free energy of mixing and the entropy of mixing, we have computed the heat of mixing, ΔH M for the alloys throughout the whole concentration range from Eq. (7). The computed results for ΔH M in the alloys have been found to agree well with the corresponding experimental results [1] , with a little deviation (Fig. 4) . The small positive values of ΔH M of the alloys suggest that each of the alloys belongs to system with the weak strength of the interatomic interactions showing a tendency of phase separation.
Microscopic properties
In order to investigate the nature of local atomic ordering in the In-Pb, In-Tl and In-Zn liquid alloys in more detail, we have computed microscopic functions, the concentration fluctuations in long wavelength limit, S CC (0) from Eqs. (9) The structure regarding the atomic ordering in the liquid alloys has been additionally accessed by computing the Warren-Cowely short range ordering parameter, 1  using Eq. (15) throughout the composition range. The short range parameter has been found to be positive at all concentrations for the alloys (Fig. 6 ). In our calculation we have taken Z = 10. We note that on varying the value of Z, the peak value in c 1   curve changes but the nature of variation and position of the peak in the value of 1  against concentration remain unchanged. 
Conclusion
The theoretical analysis reveals that quasi-chemical analysis successfully explains the observed properties of the In-Pb, In-Tl and In-Zn liquid alloys. Positive deviation of the thermodynamic properties of the alloys from the Raoultian solution behaviour indicates that the alloys are weakly segregating in nature.
The comparative assessment of the interaction energy and the microscopic properties suggests that the degree of segregation is greatest in In-Zn alloy and comparable in In-Pb and In-Tl alloys.
